Hierarchical gold-decorated magnetic nanoparticle clusters with controlled size.
We present a new route to stable magnetic-plasmonic nanocomposite materials with exceptional control over composite size and very high monodispersity. The method involves the assembly of magnetic iron oxide nanoparticles, of any size in the superparamagnetic size range, whose steric repulsion is gradually reduced by competitive stabilizer desorption arising from the presence of a tertiary silica phase. Subsequent addition of gold nanoparticles results in hierarchical assemblies in the form of gold-decorated magnetic nanoparticle clusters, in a range of possible sizes from 20 to 150 nm, selected by the timing of the addition. This approach adds plasmonic and chemical functionality to the magnetic clusters and improves the physical robustness and processability of the suspensions. Most critically, detailed NMR relaxation analysis demonstrates that the effect of the gold NPs on the interaction between bulk solvent and the magnetic moments of the cluster is minimal and that the clusters remain superparamagnetic in nature. These advantages enhance the potential of the materials as size-selected contrast agents for magnetic resonance imaging. The possibility of generalizing the approach for the production of hierarchical assemblies of variable composition is also demonstrated.